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(57) A single crystal silicon carbide thin film fabrica- 
tion method for converting a silicon layer on the surface 
of a SOI substrate for film-formation into a single crystal 
silicon carbide thin film by a chemical reaction compris- 
es steps of setting said SOI substrate for film-formation 
in a film-formation chamber and increasing the ambient 
•temperature of the film-formation chamber to 1 ,200 to 
1 ,405 "C white passing hydrogen gas and passing also 
a hydrocarbon-based gas being kept in a ratio of 1 to 5 
% by volume to hydrogen gas. Apparatus for fabricating 
a single crystal silicon carbide thin film comprises a film- 
formation chamber 200 adapted to receive a SOI sub- 
strate 100 for film-formation, gas supply means 300 for 
supplying to film-formation chamber 200 various gases 
G1 to G4 necessary to fabricate the thin film, gas treat- 
ment means 500 for treating argon gas as inert gas G1 , 
propane gas as hydrocarbon-based gas G2, hydrogen 
gas as carrier gas. and oxygen gas G4 supplied to the 
film-formation chamber 200, and temperature control 
means 400 for controlling the temperature of chamber 
200. 
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Description 

[0001 ] The present invention relates to a single crystal 
silicon carbide ihin film fabrication method and a fabri- 
cation apparatus for use in the sanne. 
[0002] Since a single crystal silicon carbide (SiC) is 
not only excellent in thermal and chemical stability but 
also fbugh in mechanical strength and durable to radia- 
tion of radiation beams, it has been drawing attention as 
a for epitaxial growth of gallium nitride widely used for 
a semiconductor device material of the next generation 
as well as a substrate of light emitting device. 
[0003] For such a single crystal silicon carbide thin 
film fabrication method, a sublimation recrystallization 
method using a silicon carbide seed crystal, a plasma 
CVD method and the like have become the main proc- 
esses. 

[0004] However a conventional sublimation recrys- 
tallization method requires an ultra high temperature 
process in the vicinity of 1 ,700 °C in addition to the ne- 
cessity of a silicon carbide seed crystal with a high purity. 
Whereas, in the plasma CVD method, a film-formation 
chamber is required to be kept at high vacuum in the 
film-formation process. That is, both methods are rather 
problematic in terms of the cost and the time. Further, 
using these conventional methods, it is difficult to satisfy 
the requirement of fabrication with a large diameter. 
[0005] The present invention has been achieved tak- 
ing account of the above described situations and aims 
to provide a single crystal silicon carbide thin film fabri- 
cation method capable of economically and easily fab- 
ricating a single crystal silicon carbide thin film, as well 
as a fabrication apparatus for the method. 
[0006] A single crystal silicon carbide Ihin film fabri- 
cation method according to the invention comprises 
converting a silicon layer on the surface of a SOI sub- 
strate for film-formation into a single crystal silicon car- 
bide thin film by a chemical reaction carried out by set- 
ting the SOI substrate for film-formation in a film-forma- 
tion chamber and increasing the ambient temperature 
of, the film-formation chamberto 1 ,200 to 1 ,405 °C while 
passing hydrogen gas and passing also a hydrocarbon- 
based gas being kept in a ratio of 1 to 5 % by volume to 
hydrogen gas. 

[0007] Further a single crystal silicon carbide thin film 
fabrication apparatus according to the invention com- 
prises a film-formation chamber adapted to receive a 
SOI substrate for film-formation, a gas supply means for 
supplying various gases necessary to fabricate a single 
crystal silicon carbide thin film to the film-formation 
chamber a gas treatment means for treating gases sup- 
plied to the film-formation chamber and a temperature 
control means for controlling the temperature of the film- 
formation chamber The apparatus may further com- 
prise gas supply control means for regulating the rela- 
tive proportions of the gases supplied. 
[0008] The invention will now be particularly de- 
scribed by way of example only with reference to the 
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drawing, in which: Fig. 1 is a schematic configuration 
view of a single crystal silicon carbide thin film fabrica- 
tion apparatus according to an embodiment of the in- 
vention. 

5 [0009] A single crystal silicon carbide thin film fabri- 
cation apparatus according to an embodiment of the in- 
vention comprises a film-formation chamber 200 adapl- 
eta to receive a SOI substrate 100 for film-formation, a 
gas supply means 300 for supplying to the film-forma- 
10 tion chamber 200 various gases G1 to G4 necessary to 
fabricate a single crystal silicon carbide thin film, a gas 
treatment means 500 for treating gases G1 to G4 sup- 
plied to the film-formation chamber 200, and a temper- 
ature control means 400 for controlling the temperature 

15 of the film-formation chamber 200. 

[001 0] The film-formation chamber 200 is made of sil- 
icon carbide and has a substrate holder 21 0 in the inside 
adapted to receive a SOI substrate 100 for film-forma- 
tion thereon. The substrate holder 210 is also made of 

20 silicon carbide. 

[0011] A heater as the temperature control means 
400 is installed around or in the surrounding of the film- 
formation chamber 200. By applying electric power to 
the heater the ambient temperature of the inside of the 

25 film-formation chamber 200 is controlled. 

[001 2] To the film-formation chamber 200, a gas sup- 
ply pipe 310 is connected constituting a portion of the 
gas supply means 300. The gas supply pipe 31 0 is con- 
nected to four gas vessels 320A, 320B, 320C, and 320D 

30 constituting some portions of the gas supply means 300. 
The gas supply pipe 310 with such a constitution is 
equipped with a switching valve 330 so as to switch the 
gases to be supplied to the film-formation chamber 200. 
Incidentally, the gas vessel 320A is charged with argon 

35 gas as an inert gas G1 , the gas vessel 320B with pro- 
pane gas as a hydrocarbon-based gas G2, the gas ves- 
sel 320C with hydrogen gas as a carrier gas G3, and 
the gas vessel 320D with oxygen gas G4, respectively. 
[001 3] Further a gas discharge pipe 510 constituting 

fo a portion of the gas treatment means 600 is formed in 
the above-mentioned film-formation chamber 200. In 
the gas discharge pipe 510, a combustion apparatus 
520, which is one constituent unit of the gas treatment 
means 500, is installed. The gas discharged is burned 

45 by the combustion apparatus 520, so that treatment can 
be carried out safety. 

[0014] The above-mentioned substrate holder 210 is 
installed between the gas supply pipe 31 0 and the gas 
discharge pipe 510 to surely expose the SOI substrate 
50 1 00 for film-formation to gases supplied to the film-for- 
mation chamber 200. 

[0015] A single crystal silicon carbide thin film fabri- 
cation method by the single crystal silicon carbide thin 
film fabrication apparatus constituted in such a manner 
55 is as follows. That is, the single crystal silicon carbide 
thin film fabrication method comprises converting a sil- 
icon layer on the surface of the above-mentioned SOI 
substrate 100 for film-formation into a single crystal sil- 
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icon carbide thin film by a chemical reaction carried out 
by setting the SO! substrate 100 for film-formation in a 
film-formation chamber 200 and increasing the ambient 
temperature of the film-formation chamber 200 to 1 ,270 
while passing hydrogen gas as the carrier gas G3 
and passing also a hydrocarbon-based gas as the hy- 
drocarbon-based gas G2 being kepi in a ratio of 1 % by 
volume to hydrogen gas as the carrier gas G3. * « 
[001 6] For example, if the supply amount of hydrogen 
gas as the carrier gas G3 is 1.000 cc/min, the supply 
amount of propane gas as the hydrocarbon-based gas 
G2 is 10 cc/min. 

[0017] Hydrogen gas as the carrier gas G3 and pro- 
pane gas as the hydrocarbon-based gas G2 are intro- 
duced into the inside of the film-formation chamber 200 
through the above-mentioned gas supply pipe 310 and 
led to the combustion apparatus 520 through the gas 
discharge pipe 51 0 to be burned. Consequently, hydro- 
gen gas as the carrier gas G3 and propane gas as the 
hydrocarbon-based gas G2 are prevented from being 
discharged out of the film-formation chamber 200 as un- 
modified gases. 

[001 8] When the ambient temperature in the inside of 
the film-formation chamber 200 is increased to 1270 °C 
w/hile propane gas as the hydrocarbon-based gas G2 is 
being supplied to Ihefilm-formation chamber200, an ex- 
tremely thin and low temperature silicon carbide buffer 
layer is formed on the surface of the SOI substrate 1 00 
for film-formation until the ambient temperature in the 
inside of the film-formation chamber 200 reaches 1 ,270 

[0019] After the thin and low temperature silicon car- 
bide buffer layer is formed during heating; the ambient 
temperature in the inside of the film-formation chamber 
200 reaches 1 ,270 °C. At that time, silicon on the sur- 
face of the SOI substrate 100 for film-formation is react- 
ed with carbon fabricated by decomposition of propane 
gas as the hydrocarbon-based gas G2 to form a single 
crystal silicon carbide thin film. 

[0020] By growing the above-mentioned thin and low 
temperature silicon carbide buffer layer, the surface 
roughness of the SOI substrate 100 for film-formation 
after the single crystal silicon carbide thin film-formation 

can be innproved. 

[0021] If the reaction for formation of the above-men- 
tioned single crystal silicon carbide thin film is carried 
out while spending a sufficient time, the silicon layer on 
the surface of the SOI substrate 100 for film-formation 
is completely converted into a single crystal silicon car- 
bide thin film. Whether the above-mentioned reaction is 
sufficiently carried out or not can be confirmed based on 
whether carbon excessively supplied to the surface of 
the SOI substrate 100 for film-formation after the reac- 
tion is deposited as a thin film (a carbon thin film) or not. 
[0022] At that time, the excessive carbon thin film de- 
posited on the surface of the SOI substrate 1 00 for film- 
formation is removed by the following method. That is, 
after the above-mentioned reaction, propane gas as the 



hydrocarbon-based gas G2 and hydrogen gas as the 
carrier gas in the film-formation chamber 200 are re- 
placed with argon gas as the inert gas Gi and, at the 
same time, the SOI substrate 100 for film-formation is 

5 cooled. In this case, by changing the switching valve 330 
of the gas supply means 300, the supply of propane gas 
as the hydrocarbon-based gas G2 and hydrogen gas as 
the carrier gas G3 to the film-formation chamber 200 can 
be stopped and at the same time argon gas as the inert <> 

10 gas GI is supplied. When the temperature of the SOI 
substrate 100 for film-formation is decreased to around 
650 "^C, oxygen gas G4 is mixed in a prescribed ratio 
with argon gas as the inert gas G1 , so that the carbon 
thin film can be etched. During the performance of the 

'5 etching of the carbon thin film, the temperature of the 
SOI substrate 100 for film-formation is maintained at 
about 650 ^'C. 

[0023] More particularly, if the supply amount of oxy- 
gen gas G4 is 1 00 cc/min, the supply amount of argon 
20 gas as the inert gas GI is 1,000 cc/min. Further, the 
heating period at about 650 °C is in a range from several 
minutes to several hours. 

[0024] By maintaining such conditions, the carbon 
thin film on the surface of the SOI substrate 1 00 for film- 

25 formation causes a chemical reaction; C + O2 ^ CO2; 
to be converted to carbon dioxide gas. The carbon di- 
oxide gas is discharged to the outside of the film-forma- 
tion chamber 200 through the gas discharge pipe 510. 
[0025] On completion of the above described reac- 

30 tion, that is, the chemical reaction of the carbon thin film 
on the surface of the SOI substrate 100 for film-forma- 
tion to the carbon dioxide gas, supply of the oxygen gas 
G4 is Slopped and cooling is carried out under the at- 
mosphere of argon as the inert gas GI . 

35 [0026] During the above-mentioned cooling process, 
it is made possible to remove the carbon thin film formed 
on the surface of the SOI substrate 100 for film-forma- 
tion by etching using oxygen gas G4 and thus the ex- 
cess carbon thin film can be removed in a series of 

"fo steps. 

[0027] In the above-described embodiment, the thick- 
ness of the single crystal silicon carbide thin film to be 
fabricated is equivalent to the thickness of the silicon 
layer on the surface of the SOI substrate 100 for film- 
^5 formation. For that, by controlling the thickness of the 
silicon layer on the surface of SOI substrate 1 00 for film- 
formation, a single crystal silicon carbide thin film with 
a predetermined thickness can be obtained at a high 
precision. 

50 [0028] Incidentally, in the above-mentioned embodi- 
ment, argon gas is used as the inert gas GI , yet other 
inert gases may be used. Nevertheless, from a view- 
point of the cost, argon gas has an advantage that it can 
be obtained most economically at the present time. At 

55 the time of supplying the inert gas G1 to the film-forma- 
tion chamber 200, since the single crystal silicon carbide 
thin film is already formed on the surface of the SOI sub- 
strate 100 for film-formation, there is no need to take 
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into consideration the occurrence of pits owing to impu- 
rities contained in argon gas and, accordingly, the inert 
gas G1 to be used is not required to be costly and highly 
pure, resulting in an advantage In terms of the cost In 
the case of mass fabrication. 

[0029] Further, although propane gas is used as Ihe 

hydrocarbon-based gas G2, other hydcocarbon-based 
gases, for Example, methane gas, ethylen'e gas, butane 
gas. and the like, may be used. Nevertheless, from a 
viewpoint of the cost, propane gas has an advantage 
that It can be obtained most economically at the present 
time. Also, as compared with methane gas and ethylene 
gas, the content of carbon atom is high, so that propane 
is supposed to be most preferable .from a viewpoint of 
the efficiency of single crystal silicon carbide thin film 
fabrication. 

[0030] Further, although the hydrocarbon-based gas 
G2 is passed while being adjusted at a ratio of 1 % by 
volume to hydrogen gas as the earner gas G3 and the 
ambient temperature of the inside of the film-formation 
chamber 200 is increased to 1270 **C, it has been con- 
firmed by experiments that the hydrocarbon-based gas 
G3 may be passed in a proportion range from 1 to 5 % 
by volume to hydrogen gas as the carrier gas G3 and 
the ambient temperature of the inside of the film-forma- 
tion chamber 200 may be increased to 1 .200 to 1 ,405 
°C. 

[0031] The single crystal silicon carbide thin film fab- 
rication method according to the present invention is for 
converting a silicon layer on the surface of a SOI sub- 
strate for film-formation into a single crystal silicon car- 
bide thin film by a chemical reaction carried out by set- 
ting the SOI substrate for film-formation in a film-forma- 
tion chamber and increasing the ambient temperature 
of the film-formation chamber to 1 ,200 to 1 ,405 ''C while 
passing hydrogen gas and passing also a hydrocarbon- 
based gas being kept in a ratio of 1 to 5 % by volume 
relative to hydrogen gas. 

[0032] According to this fabrication method, a single 
crystal silicon carbide thin film can be fabricated without 
requiring the inside of a film-formation. chamber to be 
under a vacuum state, unlike that in a conventional 
method. Accordingly, by this single crystal silicon car- 
bide thin film fabrication method, the fabrication steps 
can be simplified and consequently, the method can 
contribute to cost reduction. Further unlike a conven- 
tional film -fonnat ion, a silicon carbide seed crystal Is not 
required and an existing SOI substrate is enabled to be 
used, so that the method can contribute to the enlarge- 
ment of the diameter and the cost reduction. 
[0033] Also, by carrying out the chemical reaction to 
the excessive extent that the carbon thin film is depos- 
ited on the obtained single crystal silicon carbide thin 
film, the silicon on the surface of the SOI substrate for 
film-formation is reacted with carbon fabricated by de- 
composition of propane gas as the hydrocarbon-based 
gas and whether the single crystal silicon carbide thin 
film is formed or not is to be judged accordingly and the 



carbon thin film can be removed by etching by healing 
the SOI substrate for film-formation to 550 °C or higher 
under the atmosphere of the inert gas mixed with oxy- 
gen gas at a prescribed ratio. 

5 [0034] In such a manner, in the cooling process of the 
SOI substrate for film-formation, the excess carbon thin 
film deposited on the single crystal silicon carbide Ihin 
film can be removed by etching. Consequently,'*without 
adding a special removal process especially for the car- 

10 bon thin film, the excess carbon thin film can be re- 
moved. 

[0035] Further, the single crystal silicon carbide thin 
film fabrication apparatus according to the present in- 
vention comprises a film-formation chamber adapted to 

15 receive a SOI substrate for film-formation, a gas supply 
means for supplying various gases necessary to fabri- 
cate a single crystal silicon carbide thin film to the film- 
formation chamber, a gas treatment means downstream 
of the fiim-formation chamber for treating gases sup- 

20 plied to the film-formation chamber, and a temperature 
control means for controlling the temperature of the film- 
formation chamber. 

[0036] Consequently, this single crystal silicon car- 
bide thin film fabrication apparatus is capable of easily 

25 carrying out the above described single crystal silicon 
carbide thin film fabrication method. Moreover, since it 
comprises the gas treatment means, safety treatment 
of exhaust gases is made possible. 
[0037] As indicated above, Fig. 1 is a schematic con- 

30 figuration view of a single crystal silicon carbide thin film 
fabrication apparatus according to an embodiment of 
. the invention, and the following is a component list of 
the main features depicted therein: 

35 1 00 SOI substrate for film-formation 

200 film-formation chamber 
300 gas supply means 
400 temperature control means 
500 gas treatment means 

40 

[0038] Although the invention has been particularly 

described above with reference to specific embodi- 
ments, it will be understood by persons skilled in the art 
that variations and modifications are possible without 
^5 departing from the scope of the claims which follow. 

Claims 

50 ^, A single crystal silicon carbide thin film fabrication 
method for converting a silicon layer on the surface 
of a SOI substrate for film-formation into a single 
crystal silicon carbide thin film by a chemical reac- 
tion, wherein said method comprises steps of set- 

55 ling said SOI substrate for film-formation in a film- 
formation chamber and increasing the ambient tem- 
perature of the film-formation chamber to 1 ,200 to 
1 ,405 °C while passing hydrogen gas and passing 
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also a hydrocarbon-based gas being kept in a ratio 
of 1 to 5 % by volume to hydrogen gas. 

2. The single crystal silicon carbide thin film fabrication 

method according to claim 1 , wherein said chemical 5 
reaclion is carried out under atmospheric pressure. 

3. The.single crystal silicon carbide thin film fabrication 
method according to claim 1 or claim 2, wherein 
said chemical reaction Is carried out to an excess io 
extent until a carbon thin film is deposited on the 
obtained single crystal silicon carbide thin film. 



4. The single crystal silicon carbide thin film fabrication 
method according to claim 3. wherein said carbon i5 
thin film excessively deposited on said single crystal 
silicon carbide thin film is removed by etching by 
heating said SOI substrate for film-formation to 550 

**C or higher under the atmosphere of an inert gas 
mixed with- oxygen gas in a prescribed ratio. 20 

5. A single crystal silicon carbide thin film fabrication 
apparatus comprising a film-formation chamber 
adapted to receive a SOI substrate for film-forma- 
tion, a gas supply means for supplying various gas- 25 
es necessary to fabricate a single crystal silicon car- 
bide thin film to said film-formation chamber, a gas 

■ treatment means for treating gases supplied to said 
film-formation chamber, and a temperature control 
means for controKing the temperature of said film- 30 
formation chamber. 
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